Introduction
High birefringence nematic liquid crystal mixtures have the potential application in many photonic areas. It has been proven that laser beam steering systems, working at infrared range of spectrum may greatly benefit from shrinking the cell gap when high birefringence materials are in use [1, 2] . Also within visible region of spectrum it is possible to achieve response time of about 1 ms if 90 deg twisted ne− matic cell utilizing high birefringence mixture is applied [3, 4] . Isothiocyanatotolanes and phenylisothiocyanatotola− nes liquid crystalline compounds are the object of our inter− est because of their high birefringence. It results from ex− tended p−electron conjugation through linear core of the molecules and highly polar terminal isothiocyanate group (NCS). The drawback of extended p−electron conjugation and linearity of the molecules is extensive smectogenity ob− served for tolane and phenyltolane isothiocyanates [5, 6] . Strong smectogenity typically excludes LC single compo− unds from room temperature applications
To weaken smectogenity and suppress smectic phase at room temperature region we have synthesized isothiocya− natophenyl tolanes with one or two fluorine atoms in the ter− minal benzene ring near isothiocyanato group [5] . Such disubstituted compounds show high dielectric anisotropy De = e || -e^and the nematic phase in broader temperature range than observed for unsubstituted analogues.
Also, we observed that in most cases smectic phases are suppressed the most effectively in the case of lateral substi− tution in the central ring of a rigid molecular core (X 1 and X 2 of the Formula I). Therefore we decided to prepare the compounds of For− mula I, containing one or two fluorine atoms in central part of the molecules. Additionally, we included structures with lateral mono and difluorinated benzene ring linked with ter− minal NCS group (X 3 and X 4 of Formula I).
where (a) X 1 = X 3 = F and X 2 = X 4 = H; (b) X 1 = X 3 = X 4 = F and X 2 = H; (c) X 1 = X 2 = F and X 3 = X 4 = H; (d) X 1 = X 2 = F and X 3 = F and X 4 = H; (e) X 1 = X 2 = F and X 3 = X 4 = F.
Phase transition temperatures and transition enthalpies of the single compounds were measured to find a correlation between the position of lateral fluorination and mesomor− phic properties of the compounds. Electro−optical and phys− ical properties were measured to find application potential of differently fluorinated tolane and phenyltolane isothio− cyanates synthesized for our experiment.
Experimental part
The methods of synthesis of the compounds of series 1(a)1(e) are given in Scheme 1.
4'−Alkyl−4−iodobiphenyls (A) were the starting reactants for all of the structures investigated. The preparation of (A) was different for the case of monofluorosubstituted com− pounds (X 1 = F, X 2 = H) and difluorosubstituted compounds (X 1 = X 2 = F). The monofluorosubstituted compounds A were prepared according to Scheme 2. The difluorosub− stituted compounds were prepared from 1,2−difluoroben− zene. Detailed synthesis route of difluorosubstituted com− pounds is discussed in Refs. 6, 8, and 10.
The phase transitions were observed by polarizing mi− croscope OLYMPUS BX51 equipped with heating stage LINKAM THMS 600. Liquid crystal phases were identified from their specific texture patterns.
The phase transition temperatures (onset point) and enthalpies were measured with SETARAM DSC 141 mi− crocalorimeter during heating cycles, heating rate 2 de− grees/min.
An ordinary refractive index (n o ) was measured using an Abbe refractometr (Atago). A birefringence (Dn) was ob− tained from the phase retardation of the homogenous cell according to a formula [4] 
The free relaxation time (decay) of the controlled phase change was used to calculate the visco−elastic coefficient (g 1 /K 11 ) according to the following equation
The dielectric constants were obtained from a direct measurement using HP4192A bridge and LCASII auto− matic tester from LC Vision. LCAS instrument was also used for a threshold voltage measurement and the elastic constants K 11 , K 22 , and K 33 estimation. Electronic spectra of the single compounds were registered on Carry UV−VIS spectrophotometer from a hexane solution.
Results

Mesomorphic properties
Mesomorphic properties of all investigated compounds are shown in Table 1 . Difluorosubstituted in the central ring (X 1 = X 2 = F) compounds have distinctly lower melting temper− atures than difluorosubstituted in the terminal ring (X 3 = X 4 = F) compounds if a short alkyl chain homologues are com− pared (n = 2 and 3). Longer alkyl chain homologues (n = 5) show the melting temperatures nearly the same (compounds 6 and 7, and 14 and 15, see Table 1 ).
It is surprising that compound 14, fluorinated in the mid− dle benzene ring has higher clearing temperature and more stable smectic A phase than compound 15 with fluorination adjacent to the terminal NCS group. Introduction of a fluo− rine atom into position X 3 to the structure already difluo− rinated in the middle ring (compound 16) decreases smecto− genity. Addition of two fluorine atoms in position X 3 and X 4 involves further decrease in smectogenity (compound 17). In the last case, also melting temperature drops distinctly. A similar behaviour is observed for the compounds with three carbons alkyl chain (compounds 6, 8, and 9). Tetrafluo− rinated compound 3 (X 1 = X 2 = X 3 = X 4 = F) with two carbons alkyl chain (n = 2) has the strongest nematic behaviour.
Electro-optical and physical properties
Electronic spectrum of compound 8 and compound 15 are compared in Fig. 1 .
Fluorosubstituted in the middle ring compound 8 shows similar coefficient of molar absorbance to one observed for compound 15 substituted only the position 3,5. The maxi− mum of absorption band and the edge of absorbance of the compound 15 are shifted slightly to the longer wavelength compared to compound 8.
Multicomponent mixtures 1760−2 and 1791 were formu− lated from two ring alkylisothiocyanatotolanes monosub− stituted by fluorine atom in position 3 [5] and alkylphenyli− Syntheses and mesomorphic properties of laterally fluorinatedphenyl isothiocyanatotolanes... Tables 2 and 3 . The birefringence measured for mixture 1791 is significantly higher than the one measured for 1760−2, which is partially a result of higher clearing temperature. The viscolastic coefficient shown by the mixtures is rel− atively low, therefore the value of Figure of Merit is high if compared to commercially available high birefringence LC mixtures [9] . Figure of Merit parameter is described by the following equation
Both, ordinary and extraordinary refractive indices (n o and n e ) are very high. Only ordinary refractive index re− mains within Abbe refractometer measuring range. There− fore, value of extraordinary refractive index had to be calcu− lated from electro−optical and refractometric measurements. [4] *** -direct dielectic permittivity measurements **** -direct refractometric measurement ***** -combinated data from electrooptic and refractometric mea− surements [4] 
Conclusions
